When individuals select the recently studied (and familiar) item in a multiple-choice memory test, they direct a greater proportion of viewing time toward the to-be-selected item when their choice is correct than when their choice is incorrect. Thus, for both correct and incorrect choices, individuals indicate that the chosen item is old, but viewing time nevertheless distinguishes between old and new items. What kind of memory supports this preferential viewing effect? We recorded eye movements while participants made three-alternative, forced-choice recognition memory judgments for scenes. In experiment 1 (n = 30), the magnitude of the preferential viewing effect was strongly correlated with measures of conscious, declarative memory: recognition accuracy as well as the difference in confidence ratings and in response times for correct and incorrect choices. In four analyses that minimized the contribution of declarative memory in order to detect a possible contribution from other processes, the preferential viewing effect was absent. In experiment 2, five memory-impaired patients with medial temporal lobe lesions exhibited a diminished preferential viewing effect. These patients also exhibited poor recognition accuracy and reduced differences in confidence ratings and response times for correct and incorrect choices. We propose that the preferential viewing effect is a phenomenon of conscious, declarative memory and is dependent on the medial temporal lobe. The findings support the link between medial temporal lobe function and declarative memory. When the effects of experience depend on the medial temporal lobe, the effects reflect conscious memory.
When individuals select the recently studied (and familiar) item in a multiple-choice memory test, they direct a greater proportion of viewing time toward the to-be-selected item when their choice is correct than when their choice is incorrect. Thus, for both correct and incorrect choices, individuals indicate that the chosen item is old, but viewing time nevertheless distinguishes between old and new items. What kind of memory supports this preferential viewing effect? We recorded eye movements while participants made three-alternative, forced-choice recognition memory judgments for scenes. In experiment 1 (n = 30), the magnitude of the preferential viewing effect was strongly correlated with measures of conscious, declarative memory: recognition accuracy as well as the difference in confidence ratings and in response times for correct and incorrect choices. In four analyses that minimized the contribution of declarative memory in order to detect a possible contribution from other processes, the preferential viewing effect was absent. In experiment 2, five memory-impaired patients with medial temporal lobe lesions exhibited a diminished preferential viewing effect. These patients also exhibited poor recognition accuracy and reduced differences in confidence ratings and response times for correct and incorrect choices. We propose that the preferential viewing effect is a phenomenon of conscious, declarative memory and is dependent on the medial temporal lobe. The findings support the link between medial temporal lobe function and declarative memory. When the effects of experience depend on the medial temporal lobe, the effects reflect conscious memory.
hippocampus | amnesia | awareness | recognition memory M emory is not a unitary faculty of the mind but is composed of different systems that depend on different brain structures (1) (2) (3) . The medial temporal lobe (MTL) supports the ability to learn about facts and events (declarative memory), and the acquired knowledge is thought to be accessible to conscious awareness (4, 5) . In contrast, other brain regions support a collection of abilities (nondeclarative memory), including skills, habits, and priming (6) (7) (8) . Nondeclarative memory is expressed through performance without requiring any conscious memory content and often without awareness that memory is being used.
Useful methods for studying declarative and nondeclarative memory have come from the analysis of eye movements, which can differ as a result of recent experience (9) . In some circumstances, it is unclear what kind of memory is expressed by eye movements. For example, in one task, participants were asked to select the old item when it was presented together with two novel items (10) . As participants made their selection, they tended to gaze at the item they were about to select. Interestingly, participants directed even more viewing toward the to-be-selected item when their choice was going to be correct (the target) than when their choice was going to be incorrect (a foil). Thus, for both correct and incorrect choices, individuals judged the selected item to be "old," but viewing time nevertheless differentiated between old and new items. Similar findings have been reported in other tasks (11, 12) . In these cases, eye movements appeared to reveal information in memory beyond what was reflected in overt behavioral choices. Accordingly, what we here term a preferential viewing effect might reflect automatic, unconscious memory. In other studies, different measures of preferential viewing were correlated with hippocampal activity and were diminished after MTL lesions (13, 14) . Thus, if the viewing effect does reflect unconscious memory, it would appear to provide an exception to the supposed link between MTL-dependent memory and conscious, aware memory (15) . Moreover, whether participants have conscious knowledge about what they have learned might not be a useful distinction for understanding the function of the MTL (16) .
Yet, this preferential viewing effect might reflect conscious, declarative memory. Even though individuals judge the selected item to be old on both correct and incorrect trials, what individuals consciously know about the test item need not be the same in the two cases. We reasoned that viewing time might differ for to-be-selected correct and incorrect items in the same way that other measures of declarative memory distinguish between correct and incorrect choices. For example, when individuals incorrectly designate a foil as old in a recognition memory test, confidence ratings are typically lower and response times are typically slower than when a target is correctly designated as old (17, 18) . If the preferential viewing effect reflects declarative memory, then its magnitude (i.e., the difference in viewing time for to-be-selected targets vs. foils) should correlate with measures of declarative memory.
In two experiments, we recorded eye movements while participants made three-alternative, forced-choice, recognition memory Significance Memory consists of conscious and unconscious systems with different brain substrates. Eye movements are affected by past experience, but it is often unclear what kind of memory is involved. We examined the preferential viewing effect, whereby in multiple-choice tests of recognition memory, more viewing is directed toward an item that is about to be selected when the choice is correct than when the choice is incorrect. The magnitude of this effect was correlated with measures of conscious, declarative memory, was absent when declarative memory was minimized, and was diminished in memoryimpaired patients with medial temporal lobe lesions. We propose that this eye movement effect is a phenomenon of conscious memory, supporting the link between conscious memory and medial temporal lobe function.
judgments for scenes (Fig. 1) . We first asked whether the preferential viewing effect reflects conscious, declarative memory or unconscious memory (experiment 1), and then whether this viewing effect depends on the MTL (experiment 2).
Results Experiment 1. Participants exhibited good recognition memory for the scenes (accuracy, 58.1 ± 1.8% correct; t[29] = 13.90; P < 0.001, one-sample t test; chance, 33%). Eye movements in response to the test scenes were examined to determine how memory for the previously studied scenes affected viewing. First, we examined viewing time for the studied scenes (targets) and the foil scenes (i.e., the mean percent time viewing the two foil scenes on each trial), independent of the scene selected. Percent time viewing the targets (40.7 ± 1.1%) was greater than chance (t[29] = 10.52; P < 0.001, one-sample t test), and percent time viewing each foil (29.6 ± 1.1%) was lower than chance (t[29] = 10.51; P < 0.001, one-sample t test). These measures indicate the tendency of participants to look at the old scene (when they remembered it), together with the natural tendency to look at the scene that is about to be selected.
We next examined viewing time as a function of which scene was selected, the target or a foil. Specifically, we compared the percent time viewing the target on trials when the target was selected (correct choices) with the percent time viewing a foil on trials when a foil was selected (incorrect choices). Percent time viewing a to-beselected target for the time from presentation of the scenes to the memory judgment was greater than the percent time viewing a to-be-selected foil (49.7 ± 0.5% vs 44.4 ± 0.7%; t[29] = 8.78; P < 0.001, paired t test) ( Fig. 2A) . This finding demonstrates a preferential viewing effect, that is greater percent time viewing to-be-selected targets than to-be-selected foils. This effect was evident in each of the three 0.5-s time bins immediately preceding the memory judgment (t[29] > 2.29; P < 0.030, paired t test) (Fig. 2B) .
The preferential viewing effect just described shows that the viewing of a to-be-selected item differed depending on whether the selection was correct or incorrect. Correct and incorrect choices also differed with respect to how much confidence participants expressed in their choices and with respect to the speed at which choices were made (Fig. 3) . Specifically, confidence ratings were higher and response times were faster when choices were correct than when choices were incorrect (3.5 ± 0.1 vs. 2.4 ± 0.1 for confidence ratings; t[29] = 14.94; P < 0.001, paired t test and 3.4 ± 0.1 s vs. 4.0 ± 0.1 s for response times; t[29] = 8.43; P < 0.001, paired t test). Thus, although participants indicated for both their correct and incorrect choices that they judged the selected scene to be the one previously studied, their behavior differed for the two kinds of choices. They looked more at the to-be-selected scene on correct trials, were more confident on correct trials, and responded faster on correct trials.
To explore what kind of memory supports the preferential viewing effect, we first calculated correlations between the magnitude of the preferential viewing effect and three other measures associated with declarative memory: (i) the difference in confidence ratings for correct vs. incorrect trials, (ii) the difference in response times for correct vs. incorrect trials, and (iii) accuracy (percent correct scores). Across the 30 participants, the magnitude of the preferential viewing effect was positively correlated with the difference in confidence ratings (r = 0.61; P < 0.001; Fig. 4A ), the difference in response times (r = 0.65; P < 0.001; Fig. 4B ), and overall accuracy (r = 0.70; P < 0.001; Fig. 4C ; Pearson's correlation for all three measures). These These trials illustrate the preferential viewing effect, whereby participants direct more viewing toward a to-be-selected scene when the choice is correct than when the choice is incorrect (in this case, 48.3% vs. 39.5%). The percent time viewing the to-be-selected scene was greater when the choice was correct (target) than when the choice was incorrect (foil) (i.e., a preferential viewing effect). (B) The percent time viewing the to-be-selected scene in 0.5-s time bins for the 3.0 s immediately preceding the memory judgment. The preferential viewing effect was evident in each time bin during the 1.5 s before the memory judgment (shaded area in B). *P < 0.030. Error bars denote SE.
findings show that participants who exhibited a greater preferential viewing effect also had better memory for the scenes (higher accuracy), as well as larger differences in both confidence ratings and response times for correct vs. incorrect choices.
We next asked whether the preferential viewing effect can still be detected when the role of declarative memory is minimized. First, based on the regression lines in Fig. 4 , we calculated the magnitude of the preferential viewing effect (i.e., the value on the y-axis) when the difference in confidence ratings for correct and incorrect choices reached 0 (Fig. 4A ), when the difference in response times for correct and incorrect choices reached 0 (Fig.  4B) , and also when accuracy reached chance level (33% correct; Fig. 4C ). In each of these conditions, the magnitude of the preferential viewing effect was absent or very small (−0.2%, 2.0%, and −0.5%, respectively).
We next carried out a repeated-measures analysis of covariance (ANCOVA) to determine whether a difference between the percent time viewing the selected targets (correct) vs. percent time viewing selected foils (incorrect) remained after the contributions of confidence ratings and response times were removed. The within-subject dependent variable was the mean percent time viewing the selected items (one value for correct choices and one value for incorrect choices for each participant). Confidence ratings and response times for the correct and incorrect choices were covariates. After accounting for the effects of the covariates, there was no longer a difference between the percent time viewing the selected targets vs. the selected foils (P = 0.808); that is, the preferential viewing effect was absent.
We then calculated the magnitude of the preferential viewing effect for a subset of trials when declarative memory was minimal. Specifically, we selected trials in which participants indicated that they were guessing about which scene was the target (confidence level, 1; 13.6 ± 1.7 correct trials/participant and 23.8 ± 3.0 incorrect trials/participant). For this subset of trials, response times were similar for correct and incorrect trials (4.1 ± 0.2 s vs. 4.2 ± 0.1 s), accuracy was near chance (36.8 ± 1.6%), and the preferential viewing effect was absent [percent time viewing the selected target (correct), 42.7 ± 0.6%; percent time viewing the selected foil (incorrect), 42.7 ± 0.7%].
Finally, we considered trials in which a foil was selected rather than the target (incorrect trials). For these trials, we compared percent viewing time for the target and percent viewing time for the foil that was not selected. In this way, we asked whether viewing behavior might reveal knowledge about the target, even though the choice was incorrect on these trials and little declarative memory was presumably available. In this circumstance, there was no evidence that participants had knowledge about the target. Across all participants, the percent time viewing the target was virtually the same as the percent time viewing the nonselected foil (27.9 ± 0.3% vs. 27.7 ± 0.3%; t[29] = 0.49; P = 0.629, paired t test).
Experiment 2. Patients were impaired in remembering the studied scenes (accuracy, 47.0 ± 4.7% correct for patients vs. 74.9 ± 4.9% correct for controls; t[11] = 3.84; P = 0.003, independent t test; Fig. 5 ). The patient with large MTL lesions had the lowest score (38.2% correct, not significantly above chance, P = 0.308, binomial probability). Patients also differed from controls with respect to confidence ratings and response times (Fig. 6 ). Specifically, controls had higher confidence ratings and faster response times when they were correct than when they were incorrect (4.0 ± 0.2 vs. 2.6 ± 0.2 for confidence ratings, t [7] = 8.51; P < 0.001, paired t test and 3.7 ± 0.2 s vs. 4.5 ± 0.2 s for response times, t [7] = 3.97; P = 0.005, paired t test; Fig. 6 A and  B) . Patients exhibited these same two effects but less strongly than controls (t[11] > 2.36; P < 0.037, independent t tests for the difference scores). For the patients, confidence ratings were 3.3 ± 0.2 and 2.8 ± 0.2 for correct and incorrect choices (t[4] = 2.90; P = 0.044, paired t test; Fig. 6C ). Response times were 3.8 ± 0.1 s for correct choices and 4.0 ± 0.1 s for incorrect choices (t[4] = 3.48; P = 0.025, paired t test; Fig. 6D) .
Importantly, the patients differed from controls with respect to the magnitude and duration of the preferential viewing effect (Fig. 7) . First, for the time from presentation of the scenes to the memory judgment (Fig. 7 A and C) , the preferential viewing effect was evident in both groups (5.4 ± 1.2% for controls; t [7] = 4.38; P = 0.003 vs. 2.4 ± 0.8% for patients; t[4] = 3.66; P = 0.034), but the effect was marginally smaller in patients than in controls (t[11] = 2.04; P = 0.067, independent t test). In addition, the small but significant preferential viewing effect in patients (2.4%) was undetectable in conditions where the contribution of declarative memory was minimized (0.8% when patients Fig. 3 . Confidence ratings and response times associated with a correct choice of the target or an incorrect choice of one of the two foils (experiment 1). When participants correctly selected the target, their confidence ratings were higher (A) and their response times were faster (B) than when they incorrectly selected a foil. *P < 0.001. Error bars denote SE. Fig. 4 . Association between the size of the preferential viewing effect and other behavioral measures. The difference between the percent time viewing the target (on trials when the target was correctly selected) and the foil (on trials when a foil was incorrectly selected) was calculated for each participant during the period preceding the memory judgment (experiment 1). Across participants, these difference scores were positively correlated with the difference in confidence ratings associated with correct and incorrect choices (A), the difference in response times associated with correct and incorrect choices (B), and the accuracy of the behavioral choice (C). Each data point shows the score of one participant (n = 30). indicated they were guessing or −1.4% when viewing behavior during incorrect trials was analyzed as in experiment 1).
Second, the controls exhibited a preferential viewing effect in each of the three time bins immediately preceding the memory judgment (t [7] > 2.62; P < 0.033, paired t test; Fig. 7B) . However, the patients exhibited this effect only in the single 0.5-s time bin immediately preceding the memory judgment (t[4] = 8.51; P = 0.001, paired t test; Fig. 7D ). Third, we examined the preferential viewing effect during the 1.5-s period immediately before the memory judgment, because in experiment 1 (Fig. 2B) , the effect was most pronounced (and was statistically significant) during this period. In this time period, the preferential viewing effect was significant for the controls (t [7] = 8.37; P < 0.001, paired t test), not significant for the patients (t[4] = 2.23; P = 0.090, paired t test), and smaller for the patients than for the controls (compare the shaded areas in Fig. 7 B and D; 4.0 ± 1.8% vs. 8.9 ± 1.1%; t[11] = 2.51; P = 0.029, independent t test).
Discussion
In two experiments, participants saw three similar scenes and selected the scene that had been presented previously. In experiment 1, participants exhibited a preferential viewing effect that reflected the old-new status of the scenes; that is, preceding the memory judgment, participants directed more viewing toward a to-be-selected target than toward a to-be-selected foil (Fig. 2) . In addition, participants' confidence ratings were higher and their response times faster when they selected a target than when they selected a foil (Fig. 3) . This difference in confidence ratings and response times for correct and incorrect trials, as well as overall accuracy scores, positively correlated with the magnitude of the preferential viewing effect (Fig. 4) . In experiment 2, participants with MTL lesions exhibited poor recognition memory (Fig. 5 ) and reduced differences in confidence ratings and response times for correct and incorrect choices (Fig. 6) . Importantly, the magnitude and duration of the preferential viewing effect were also reduced in the patients relative to controls (Fig. 7) . We suggest that the preferential viewing effect reflects conscious, declarative memory and depends on the integrity of the MTL.
A different study of eye movements and face-scene associative memory (14) reported a similar finding in memory-impaired patients. Healthy participants spent a greater percent time viewing a target, when a target was selected, than they spent viewing a foil when a foil was selected (from displays where targets were sometimes present and sometimes absent). Patients with MTL lesions performed at chance on the associative memory test and did not exhibit the eye-movement effect.
Earlier studies have also described differences in confidence ratings (12) or response times (10, 11) in conjunction with differences in viewing time for correct and incorrect choices [refs. 10 ( Fig. 2B, Left), 11 (Fig. 3B), and 12 (Fig. 3)] . However, these studies either did not identify whether any of these behavioral differences were associated with the magnitude of the preferential viewing effect or included viewing time from after the behavioral decision to demonstrate an association. Our study found that confidence ratings, response times for the behavioral decision, and recognition accuracy all strongly predicted the magnitude of the preferential viewing effect when all of the viewing data were collected before the memory judgment.
We considered the possibility that the preferential viewing effect might also be supported by other processes, including nondeclarative (unconscious) forms of memory operating independently of the MTL. We explored this idea in four analyses that asked whether viewing behavior could reveal knowledge about the target when the contribution of declarative memory was minimized. First, when the difference in confidence ratings and response times for correct and incorrect responses reached zero, the preferential viewing effect became negligible (Fig. 4 A  and B) . Similarly, we calculated that when recognition memory accuracy reached chance (33%), the preferential viewing effect was absent (Fig. 4C) . Second, when the effects of confidence ratings and response times were removed using ANCOVA, no residual preferential viewing effect could be detected. Third, for a subset of correct and incorrect trials in which participants indicated that they were guessing, response times were similar, and accuracy was near chance level, no preferential viewing effect could be detected. Fourth, in incorrect trials when declarative memory about the correct scene was presumably minimal, there was no evidence in participants' viewing behavior to indicate that they had knowledge about the target. Thus, we could find no evidence that processes independent of declarative memory support the preferential viewing effect.
An earlier study reached a different conclusion about the nature of eye movements in memory tests (11)-specifically, that eye movements can reveal information not available to conscious memory. In that study, participants were asked to make a recognition decision when presented with target-present displays and also to make a decision when presented with target-absent displays. Participants were then asked in both cases to endorse Fig. 5 . Performance of patients with MTL damage (MTL; n = 5) and controls (CON; n = 8) on a three-alternative test of recognition memory. One hundred scenes were studied for 1.5 s each, and memory was tested after a delay of 3 min (experiment 2). The patients were impaired at identifying the studied scene relative to controls. *P = 0.003. Error bar denotes SE. Fig. 6 . Confidence ratings and response times associated with a correct choice of the target or an incorrect choice of one of the two foils in patients with MTL damage and controls. When participants correctly selected the target, their confidence ratings were higher (A and C) and their response times were faster (B and D) than when they incorrectly selected a foil (experiment 2). The difference in confidence ratings and the difference in response times for correct vs. incorrect choices was smaller for MTL patients than for controls (CON). *P < 0.050. Error bars denote SE.
(or not endorse) the selected item as having appeared on the study list. That study reported that increasing task difficulty increased the frequency with which participants falsely endorsed items in the target-absent displays, but that the eye movements preceding the recognition decision were impervious to this manipulation. Specifically, viewing time for the foils that were about to be selected from the target-absent displays was reported to be similar when the task was easy and when it was difficult. In this way, eye movements appeared to represent past experience better than overt behavior. However, according to figure 2B in that report (11) , the viewing time for the selected foils, rather than being impervious to task difficulty, was marginally different in the two task conditions in some time bins (P = 0.07), in parallel with the effect of task difficulty on false endorsements. In addition, we suggest that the appropriate comparison would be a contrast between viewing time for the foils that were not only selected in the easy and difficult task conditions but also endorsed as familiar.
Another study used neuroimaging to examine face-scene associative memory in a three-alternative, forced-choice test (13) . The percent time viewing the target was calculated for error trials (i.e., trials in which the target was not selected). Error trials in which there was more viewing of the target were associated with higher bilateral hippocampal activity compared with error trials in which there was less viewing of the target. This activity was interpreted as reflecting unconscious, unaware memory, because overt recognition had failed. Nonetheless, even when recognition fails, error trials may still reveal information about which stimulus is the target. For example, confidence ratings and response times may differ between error trials in which there was more viewing of the target and error trials in which there was less viewing of the target. We tested this prediction in our own data for the 50% of error trials in which the target was viewed the most (mean, 34.6 ± 1.2% of the time) and the 50% of error trials in which the target was viewed the least (mean, 20.6 ± 0.6% of the time). These two kinds of error trials were associated with markedly different confidence ratings and response times (t[29] > 3.20, P < 0.003, paired t test). Thus, we suggest that the finding of hippocampal activity can be understood as reflecting not memory without awareness, but rather conscious knowledge about the accuracy of the behavioral decision.
It is worth mentioning that the MTL patients exhibited some residual recognition memory for the scenes (Fig. 5) , consistent with the extensive literature showing that memory impairment is seldom absolute after MTL lesions (19) . Similarly, the preferential viewing effect was impaired in the patients but was not entirely absent (experiment 2). Thus, the finding that an impaired but still detectable preferential viewing effect was observed in the MTL patients conforms with findings obtained using more typical measures of memory. Also noteworthy is that when the role of declarative memory was minimized by examining trials when the patients were guessing or when they were incorrect, the preferential viewing effect was absent.
Earlier reports of other experience-dependent eye movement effects are consistent with this link between MTL function and conscious memory: the visual paired-comparison task (i.e., when a novel scene and a repeated scene are presented together and a memory test is not expected, healthy participants spend more time viewing the novel scene; refs. 20 and 21); and the repetition effect (i.e., during an old-new recognition memory test, with the expectation that memory will be tested, healthy participants explore the novel scenes more than the repeated scenes; refs. 22 and 23). These eye movement effects were correlated with measures of declarative memory (visual paired-comparison) or were observed only when participants were aware of which scenes were old and which were new (repetition effect). MTL patients were less aware than controls of the old/new status of the scenes and did not exhibit these two eye movement effects. Two other studies of the repetition effect also reported results consistent with the association between MTL function and conscious memory by showing that in the case of unaware memory, eye movement effects are independent of the MTL (23, 24) ; that is, when there was no expectation of memory testing, healthy participants exhibited the repetition effect regardless whether they were correct or Fig. 7 . The preferential viewing effect in patients with MTL damage and controls. (A and C) During the time from presentation of the scenes to the memory judgment, the percent time viewing the to-be-selected scene was greater when the choice was correct (target) than when the choice was incorrect (foil) (experiment 2). This effect was marginally smaller in the patients than in the controls (CON) (P = 0.067). (B and D) Percent time viewing the to-be-selected scene in 0.5-s time bins for only the 3.0 s before the memory judgment. For controls, the preferential viewing effect was evident 1.5 s before the memory judgment (B). For patients, the preferential viewing effect was evident only 0.5 s before the memory judgment (D). During the 1.5 s immediately preceding the memory judgment (shaded areas in B and D), the preferential viewing effect was smaller (P = 0.029) in the patients than in the controls. *P < 0.033. Error bars denote SE. incorrect in their memory judgments, and MTL patients also exhibited the repetition effect.
One early study of eye movements has sometimes been taken as running counter to the link between aware memory and MTL function (9) . Participants exhibited a manipulation effect (looking disproportionately at the altered region of a scene) when they were reportedly unaware of the manipulation. In follow-up work, a patient with hippocampal lesions did not exhibit this effect (25) . However, the finding of unawareness was reported in only a small group of healthy participants (n = 12) and was significant for only one of three eye movement measures. Note too that three other studies have investigated the manipulation effect using different methods. In all three studies, the manipulation effect was observed for each of three eye movement measures but only when participants were aware of the manipulation [refs. 22 (experiment 2, n = 51) and 26 (experiment 1, n = 20; experiment 2, n = 20)]. Thus, if there are conditions under which a manipulation effect can occur in unaware participants (such as under the conditions unique to ref. 9), it would be useful to document the effect with a large number of participants and with multiple measures of eye movements.
Based on the available data, we propose that when experiencedependent behavior is dependent on the MTL, the behavior reflects conscious (aware) memory. Similarly, we propose that when experience-dependent behavior is independent of the MTL, the behavior reflects unaware memory.
Materials and Methods Experiment 1.
Participants. Thirty undergraduates from the University of California San Diego participated for course credit (nine males; mean age, 21.4 ± 0.4 y). All procedures in experiments 1 and 2 were approved by the Institutional Review Board at the VA San Diego Healthcare System, and participants gave written informed consent before participation. Materials and procedure. The stimuli were 600 color photos of indoor or outdoor scenes. The study list consisted of 200 scenes, and the recognition memory test consisted of the 200 study items, each presented together with two similar scenes (Fig. 1) . Each of the three similar scenes served as the study scene for one third of the participants. Items in both the study and test lists were presented in a random order for each participant, and during the test, the studied scene appeared equally often in the three positions (top, left, and right).
Each study scene was presented in the center of a computer screen for 1.0 s with a 0.5-s gap between scenes (visual angle for each scene, 12.4°× 9.3°). Participants were instructed to remember the scenes for a later memory test. At 30 min after presentation of the study list, memory was tested by presenting a target scene and two similar foil scenes for 7 s. The size of each test scene was the same as the size of the study scene. Participants were instructed to indicate by key press the previously studied scene. The three test scenes remained on the screen for the full 7 s, but participants were asked to respond as soon as they had made their decision. After the 7 s, participants rated their confidence on a scale of 1-5 (1, pure guess; 5, very sure). The next trial was initiated by the experimenter when gaze was directed at the center of the screen. The intertrial interval was typically 1-2 s. A break was provided after each block of 50 trials. Participants completed three practice trials (with additional sets of scenes) before the experiment to become familiar with the format of the recognition memory test. Apparatus. Eye movements were recorded during testing by tracking pupillary position and corneal reflection. SI Appendix provides additional information.
Experiment 2.
Participants. Five memory-impaired patients participated, four with bilateral lesions thought to be limited to the hippocampus (CA fields, dentate gyrus, and subicular complex) and one with larger MTL lesions ( Table 1) . Information on etiology, quantitative measures of lesions, and magnetic resonance images from each patient is provided in SI Appendix. Eight healthy controls (two females) also participated (mean age, 60.5 ± 4.0 y; mean education, 14.3 ± 0.8 y). Materials and procedure. The apparatus, materials, and procedure were the same as in experiment 1 with modifications to accommodate the older participants in experiment 2. The study list consisted of 100 scenes (not 200), thereby allowing for two separate 100-item tests. Each scene was studied for 1.5 s (not 1.0 s). The study-test interval was approximately 3 min (not 30 min). Finally, before the experiment, participants completed one practice trial, and during the study-test interval they completed two additional practice trials. All participants were tested on two separate occasions, once with each 100-item test, at a mean interval of 102 d between tests. Data analysis (experiments 1 and 2). We calculated the viewing time for each scene in a test display by summing the duration of the fixations directed toward each scene for the time from presentation of the scene to the memory judgment. For each trial, we then calculated the percent viewing time for each scene relative to the total viewing time directed toward all three scenes. To examine the time course of the preferential viewing effect, percent viewing time was calculated separately for six 500-ms time bins spanning 3.0 s before the memory judgment.
Trials were eliminated if participants did not respond within the 7 s in which the test scenes were displayed (1.7% of trials/participant in experiment 1; 4.6% of trials/participant in experiment 2). Trials were also eliminated due to occasional technical difficulties in tracking the eyes that resulted in abnormally low viewing times for the test items (1.7% of trials/participant in experiment 1; 1.4% of trials/participant in experiment 2). Low viewing times in each experiment were defined as times >3 SD below the mean viewing time for the 7-s test period across all trials.
